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Aβ synthesis, purification and reconstitution: Compounds 1 and 2 were synthesized on HMPB ChemMatrix resin, pre-loaded with L-Ala, employing standard Fmoc coupling chemistry conditions. Cleavage under acidic conditions with subsequent ether precipitation was followed by HPLC purification, employing a PLRP-S column (8 µm, 300 Å) under basic conditions, as recommended by Agilent to attenuate on-column aggregation. The aqueous buffer (A) consisted of 20 mM ammonium hydroxide, whereas the organic buffer was composed of 80 % acetonitrile and 20 % 20 mM aqueous ammonium hydroxide. Following existing protocols by Teplow and coworkers 1 , samples were lyophilized and taken up in 20 mM NaOH, adjusted to represent 5 % of the final volume, and diluted with either phosphate buffer or PBS, depending on the nature of the experiment (final pH was 7.4 in all cases).
Thioflavin T aggregation studies. Preparation of Thioflavin T solution: A ThT solution was freshly prepared before use. 4 mg of ThT was dissolved in 10 mL of commercially bought 1X-PBS buffer (pH 7.4, 10 mM) containing 0.02% (w/v) NaN3. The solution was filtered through a 0.22 micron filter and the concentration of a 1/20 dilution of the filtrated solution was determined by Nanodrop (ε = 36000M -1 cm -1 at 412 nm). An aliquot of this stock solution was combined with 1X-PBS (10 mM, pH 7.4) containing 0.02% NaN3 (w/v) to obtain a 100 µM ThT stock solution. Preparation of Aβ42 solution: 0.5 mg of 0.1% NH4OH pretreated Aβ42 WT 1 or E22e 2 were freshly dissolved separately in 50 µL of 20 mM NaOH solution. The mixtures were sonicated for 30 s. Aβ42 solutions were then diluted by adding 450 µL of cold 1X-PBS (10 mM, pH 7.4) and filtered through 100 kDa MWCO spin filter (Corning® Spin-XR UF 500, catalog number: 431481) at 4 °C at 16200 rcf for 5 min. The filter was washed three times with cold 1X-PBS (pH 7.4) before use. The concentration of filtered Aβ42 solutions was measured by Nanodrop (ε = 1490 M -1 cm -1 at 280 nm). Preparation of ThT experiments: All experiments were conducted in black, clear bottom 96-well plates with shaking in a Molecular Device Gemini EM fluorescence plate reader (λem = 444 nm, λex = 485 nm) at 37 °C. Each well contained 200 µL of reaction solution containing 20 µM of peptide 1 or 2, 20 µM ThT and 1X-PBS buffer (10 mM, pH 7.4) in presence of 0.02% (w/v) NaN3. The wells were prepared in quintuplicate or greater and the plate was sealed with optically clear adhesive film. Each ThT assay was conducted for 2 hours at 37 °C. Readings were collected every 5 min with 5 s shaking before reading and 295 s shaking in between readings.
Circular Dichroism studies. Circular dichroism experiments were performed on a Jasco 1500 circular dichroism spectrometer set to a scan range of 180 to 280 nm, a DIT of 4 seconds and a scan speed of 50 nm per minute. For experiments involving wildtype Aβ42 1, 90 µg of NH4OH pre-treated protein was dissolved in 20 µl of an aqueous solution of 20 mM NaOH and sonicated for 30 seconds. 380 µl of freshly prepared 20 mM phosphate buffer solution at a pH 7.4 not containing sodium chloride was then added resulting in a final concentration of 50 µM and final volume of 400 µl. The solution was immediately transferred to the cuvette and CD analysis undertaken. Following the initial analysis, the solution was removed from the cuvette and transferred to a low-bind 1.5 ml eppendorf tube and incubated in a mini-dry bath at 37 ºC for the appropriate time. This procedure was repeated for all time points collected. For the E22e 2 peptide the same procedure as described above was applied. and 4 µL of 20 mM ammonium persulfate were added to 32 µL of either a 50 µM or 20 µM solution of the reconstituted peptide in 20 mM phosphate buffer. The sample was irradiated for 1 s using the setup as shown in Image SI 1. Following irradiation the solution was immediately quenched with 40 µL of loading buffer containing 5% 2-mercaptoethanol. The oligomeric distribution of the peptide was determined by SDS-page gel electrophoresis using a 12% tris-tricine polyacrylamide gel. The voltage of the system was kept constant at 100V for 2 hours. Following electrophoresis the gels were silver stained and the oligomeric bands analyzed as previously reported.
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Transmission electron microscopy (TEM) of wild-type 1 and E22e 2. Aβ42 wild-type 1 or Aβ42 E22e 2 fibrils were grown for 0h, 2h or 7 days at 37 ° C in 20 mM phosphate buffer (pH 7.4) at a concentration of 222 µM. At the appropriate time point, 1 µl of the fibril sample was added to 999 µl of milliQ water in order to obtain an imaging concentration of 200 nM. 3 µl aliquots of this material were adsorbed to activated carbon-coated Formvar 200 mesh copper grids for 1 minute and then negatively stained with 30 µl 1% (w/v) uranyl acetate. All fibrils were imaged by using FEI Tecnai 12 microscope at 120 kV.
Small angle X-ray scattering (SAXS) of wild-type 1 and E22e 2.
Small angle x-ray scattering was collected at the SIBYLS beamline at the Advanced Light Source (Berkeley, CA). All samples were ran at a concentration of 1 mg / ml (222 µM). Samples were exposed to the beamline for either 0.5, 1, 2 or 4 seconds. Samples were placed 1.5 m from a MAR165 CCD detector arranged coaxial with the 12 keV monochromatic beam; 10 12 photons/second were impingent on the sample. Scattering data were plotted on log of x-ray intensity scale versus momentum transfer (q) in inverse Å, where q = (4π sin(θ/2))/λ, θ is the scattering angle relative to the incident beam, and λ is the wavelength.
Cytotoxicity analysis of peptides against the rat pheochromocytoma (PC12) cell line:
Adhesive PC12 cells were purchased from ATCC (1721.1) and cultured in accordance with the supplier's instructions. For cytotoxicity experiments, cells were plated at a density of 5000 cells / well and incubated for 24 hours before dosing. Each well contained 100 µl total volume. For dosing, 100 µg of 0.1% NH4OH pre-treated peptide was dissolved in 20 µl of 20 mM NaOH. The solution was diluted to a final concentration of 20 µM using 980 µl of F12-K media containing 2.5% FBS and 15% HS. 500 µl of this solution was removed to allow for serial dilution of the peptide concentration. Following 72 hour incubation, 10 µl of WST-1 (Roche) was added to each well and incubated for a further 2 hours. The absorbance at λ = 490 nm was used to determine cellular viability. For pre-incubation experiments the same protocol was used, except that samples were pre-incubated for indicated time periods in the cell culture media before dosing. Figure S1 , HPLC and mass spectrum analysis of the Aβ42 wildtype 1 and E22e 2 peptide. The purity of each peptide was >95% as determined by integration of signals at 220 nm. Image S1, The experimental setup of the PICUP experiment with each individual component labelled. Figure S4 , Validation of the PICUP experiment for wildtype Aβ40 and Aβ42. The experimental procedure for both peptides was identical and as described in the supporting information text. When crosslinking was not performed (denoted by the negative symbol) only the monomer is observable (band between 3.4 and 5 kDa). However, crosslinking of the solution gives rise to an oligomeric profile of both peptides almost identical to that observed by Teplow and co-workers. 3 Figure S5 , Photo-induced crosslinking of unmodified wild-type Aβ42 1 and E22e 2 at 50 and 20 µM and at either 0 h or following incubation for 24 h at 37 °C. All samples were reconstituted in 20 mM phosphate buffer. Figure S6 , Cytotoxicity studies of both wild-type Aβ42 1 (grey bars) and Aβ42 E22e 2 (white) peptides against the rat pheochromocytoma PC12 adhesive cell lines. Cells were plated at 5000 cells per well and allowed to adhere for 24 hours prior to peptide addition and for a further 72 hours following dosing. Cellular viability was determined at the end point of the assay using the reagent WST-1. Three biological replicates each consisting of three technical replicates were used for analysis. Figure S7 , The effect of pre-incubation of the peptides prior to dosing to the PC12 cells. Both Aβ42 wildtype 1 and E22e peptide 2 showed comparable cytotoxicity, following either 2 h or 4 h of pre-incubation. Cells were plated at 5000 cells per well and allowed to adhere for 24 hours prior to peptide addition and for a further 72 hours following dosing. Cellular viability was determined at the end point of the assay using the reagent WST-1. Three biological replicates, each consisting of two technical replicates, were used for analysis.
